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Hisayoshi Nozaki* & Hideo Kazaki** : The sexual process of 
Japanese Pandorina morum Bory (Chlorophyta) 

<D Pandorina morum Bory 


Introduction 

Pandorina is one of the common genera of the colonial Volvocales and 
has a world-wide distribution. Studies on the sexual process under controlled 
laboratory conditions in this genus have been reported for two species, namely, 
Pandorina morum Bory (Schreiber, 1925; Coleman, 1959) and Pandorina 
unicocca Rayburn & Starr (Rayburn & Starr, 1974). But studies on the sexual 
process of Japanese materials have not been reported. 

In the present study, we observed the sexual process of Japanese strains 
of Pandorina morum in detail under controlled laboratory conditions. 

Materials and Methods 

Samples Water samples used in this study were collected at Kawai-Dam, 
Yamanaka-cho, Ishikawa-Prefecture, in August, 1977. 

Culture methods Clonal cultures were obtained by the pipette-washing 
methods (Pringsheim, E. G., 1946) from the samples and were grown in screw 
cap tubes (18x150 mm) containing 10 ml of growth medium (Table 1) . It was 
modified from M3-medium (Rayburn & Starr, 1974) by adding organic com¬ 
pounds and vitamins. Maintenance of cultures and experimental works were 
carried out under controlled laboratory conditions. The temperature was 
kept at about 20° C. Using a bank of cool-white fluorescent lamps, the in¬ 
tensity of illumination was kept at about 4000 lux; 14 hr light-10 hr dark. 

Mating methods Mating methods used by Coleman (1959) were applied 
correspondingly in this experiment. Colonies of two complementary mating 
types were mixed in a watch glass supported on a glass triangle in petri 
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Tab. 1. Growth medium (Modified M3-medium)*. 


Component 

kno 3 

101 mg 

MgS0 4 .7H 2 0 

49 mg 

CaCl 2 *2H 2 0 

70 mg 

/?-Na 2 glycerophosphate 

153 mg 

Glycylglycine 

132 mg 

Histidine 

155 mg 

Na acetate*3H 2 0 

200 mg 

Glucose 

200 mg 

Vitamin Bi 

50 gg 

Vitamin B 2 

5 gg 

Vitamin B 6 

20 gg 

Vitamin Bi 2 

0.2 gg 

Biotin 

10 gg 

P IV Metals** 

3 ml 

Distilled H 2 0 

997 ml 


* pH adjusted to 7.6 with 0.1 N NaOH. 

** P IV Metals stock solution, which contains the following 
(in mg/1) : Na 2 EDTA, 1500; FeCl 3 *6H 2 0, 194; MnCl 2 *4H 2 0, 

82; ZnCl 2 , 10; Na 2 Mo0 4 , 8; CoCl 2 .6H 2 0, 4. 

dishes. The colonies were mixed by pipetting about 1 ml of each mating 
type into the watch glass. About 5 ml of distilled water was added to the 
bottom of the petri dish to minimize water evaporation from the mixture. 
The heterothallic mating pair of strains observed in this study was obtained 
by random mixings of five strains from the samples. 

Methods of zygote germination Zygotes were planted on the growth 
medium solidified with 0.6% of agar in petri dishes after about one week 
from the time of the mating reaction. The agar plate with the zygotes 
adhering to the surface was put in darkness for about a month. After the 
dark treatment, the zygotes were transferred from the agar surface to the 
new liquid medium and placed under the usual illumination. 

Observation Gelatinous envelopes and flagella were observed by staining 
with methylene blue and with a phase contrast microscope. 
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Results 

Mating reaction occurs during the earlier light period of the illumination 
after at least one dark period from the time of the mixing of the colonies. 
The first step of the mating reaction recognizable is colony clumping, in which 
several or more number of the colonies combine by mutual entangling of 
their flagella (C of the plate). In this stage, the shape of the colony does 
not change at first for about two hours, but afterwards becomes swollen to 
produce gametes. That is, as the colonial envelope becomes swollen, the 
constitutive cells become separated from one another and escape from the 
envelope (Fig. 2). So that all the ceils of the colony are released and func¬ 
tion as gametes. The gamete is pyriform or ellipsoidal just after the release, 
but soon rounds up. Except its spherical shape, the gamete has the same 
form as the vegetative cell: it has a massive cup-shaped chloroplast with one 
pyrenoid in the bottom and, on the anterior face, one stigma and a pair of 
flagella of equal length, measured 5-10^m in diameter. This variation of size 
does not depend upon the mating type but upon the age or physiological 
conditions of the parental colonies. 

After many gametes are released, several or more number of them become 
associated in a clump with their flagellar tips sticking to one another in the 
center (gamete clumping) (Fig. 3). During this stage, they draw one another 
by their flagella. Meanwhile, a pair of gametes, of which sizes are some 
time same or other not, begins to approach closer and fuses their bodies 
(Fig. 4). At first, they fuse at the anterior faces opposite to each other, and 
at last fuse laterally so that the longitudinal axis of each cell orients in the 
same direction. 

As a result, a quadriflagellate zygote is formed (Fig. 5). This motile 
zygote is spherical in shape, and has two stigmata on its anterior face. It 
has also two pyrenoids in the bottom of the chloroplast, measured 8-15^m in 
diameter. After swimming, a large number of zygotes begin to aggregate, 
settle down with their flagella disintegrated and enter the dormant period 
(Fig. 6). As a result of this, aplanozygotes are combined by mutual contacts 
of their surfaces. The mating reaction, mentioned above, from the colony 
clumping to the beginning of the dormant period, completes during one light 
period of the illumination. Next step, the zygote loses its stigmata, secretes 
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a heavy cell wall during the following dark period (Fig. 7) and becomes 
reddish brown in colour after about one week (Fig. 8). This matured zygote 
is 10-20/im in diameter. Its internal structure is not seen because of the 
reddish brown granules in it. 

The zygote begins to germ within two days after being transferred from 
the darkness to usual conditions. The first step of zygote germination is 
protrusion of one part of the zygote (Fig. 9). As a result of this, the shape 
of the zygote becomes pyriform or ellipsoidal. Meanwhile, the cell wall of 
this protrudent region begins to rupture and the reddish brown content (gone 
cell) escapes, remaining its empty wall (Fig. 10). The gone cell is pyriform 
or ellipsoidal just after escape, but soon becomes spherical and forms two 
flagella of equal length then begins to swim slowly (Fig. 11). While they 
are swimming by these flagella, cell divisions occur. 

Before cell division, the gone cell secretes a thin gelatinous envelope 
around itself (Fig. 12). This envelope is spherical in shape about 20-40 i um 
in diameter, and so thin and transparent that it is difficult to be recognized. 
In the envelope, successive 3 or 4 divisions occur to form a 8 or 16-celled 
plakea and a new colony (gone colony) is formed after inversion (Figs. 13- 
17). The process of this gone colony formation is the same as of the 
daughter colony formation in the asexual reproduction. The gone colony 
begins to swim after formation of new flagella. The reddish brown granules 
recognized in the zygote remain after the gone colony is formed, but vanish 
gradually to form a green colony as the colony grows. The size of the gone 
cell depends upon its former zygote. The germination process described 
above, from the beginning to the gone colony formation, completes during 
one light period of the illumination. 

Besides, during the mating reaction, there are some cells and plakeas 
which escape from the colonial envelope, settle down on the bottom of the 
container and conduct colony formation. Such a colony is 4, 8 or 16-celled 


Figs. 1-17. The sexual process of Pandorina morum Bory. 1: 16-celled matured colony. 2: 
Gamete release. 3: Gamete clumping. 4: Fusing gametes. 5: Quadriflagellate zygote. 6: 
Aplanozygotes before secretion of walls, 7: Green zygotes with heavy walls. 8: Reddish 
brown zygotes. 9: Germinating zygote. 10: Gone cell escaping from zygote wall. 11: 
Biflagellate gone cell. 12: Gone cell with gelatinous envlope. 13: 2-celled plakea in gone 
colony formation. 14: 4-celled plakea in gone colony formation. 15: 8-celled plakea in gone 
colony formation. 16: 16-celled plakea in gone colony formation. 17: Gone colony in 
gelatinous envelope. 
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and often participates in the mating reaction. Such a phenomenon occurs only 
while they are mating. 

Discussion 

Our observation on the vegetative phase and the asexual reproduction 
agreed with the results reported by Coleman (1959). But the mating reaction 
and the gone colony formation were different. 

According to Coleman (1959), colony clumping was not so particular 
character in the mating reaction. It was reported that 3 to 4 colonies as¬ 
sociated with no particular attraction one another. But in the present study, 
colony clumping was a characteristic phenomenon just before the release of 
the gametes and several or more number of the colonies participated in a 
clump (C of the plate). Furthermore, the duration between the mixing of 
the colonies and the beginning of the mating reaction was not coincident. 
Coleman reported it as to be 15 to 20 minutes, while in our study, the mat¬ 
ing reaction had never been observed unless they passed through at least one 
dark period of the illumination after the time of the mixing. There may be 
some possibilities that these differences are resulted from the cultural con¬ 
ditions. But in the studies on another species of the same genus, Pandorina 
unicocca (Rayburn & Starr, 1974; Rayburn, 1974), it was reported that the 
number of the colonies participating in a clump in colony clumping, and the 
period from the mixing of the colonies to the beginning of the mating reac¬ 
tion were variable depending upon the pairs of the strains. Based on this 
fact, the disagreement in Pandorina morum between our results and Coleman’s 
(1959) may be caused on the difference of the strains used. 

Besides, the gone colony formation observed in the present study was 
different from that of Coleman (1959). According to her report, a gelatinous 
envelope surrounding a gone cell was not observed. In the present study, 
however, a biflagellate gone cell formed a spherical gelatinous envelope 
around itself (Fig. 12) after escaping from the zygote wall, and cell divisions 
were performed in it (Figs. 13-17). Such a gelatinous envelope, in which a. 
gone colony is formed, has been reported by several authors in various 
species; i. e. Pringsheim, N. (1870) and Korschikov (1923) in Pandorina 
morum, Rayburn & Starr (1974) in Pandorina unicocca and Harris & Starr 
(1969) in Platydorina caudata Kofoid. 
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Explanation of Plate IX 

A: Optical section of 16-celled colony showing pyrenoids and stigmata. B: 
Optical section of 16-celled colony showing colonial envelope and flagella. 
C: Colony clumping. D: Gamete release. E: Gamete clumping. F : Fusing 
gametes. G: Quadriflagellate zygote. H: Aggregating zygotes with dis¬ 
integrated flagella. I: Heavy walled zygotes 2 days after formation, each 
having two pyrenoids. J: Reddish brown zygotes 10 days after formation. 
K : Germinating zygote. L : Gone cell escaping from zygote wall. M : Empty 
walls and zygote. N : Biflagellate gone cell. O: Gone cell with gelatinous 
envelope. P: 2-celled plakea in gone colony formation. Q: 4-celled plakea 
in gone colony formation. R: 8-celled plakea in gone colony formation. 
S: 16-celled plakea in gone colony formation. T: Gone colony in gelatinous 
envelope. 
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